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The.piesent invention relates to a method and apparatus 
f ox - scahning an object using a surface measurement 
proi>e" mounted 'on a coordinate positioning apparatus- 
coordinate positioning apparatus includes, for example, 
coordin^t^ fneasuring machines <CMM) , machine tools, 
laanual coordinate measuring arms, scanning machines And 
inspection, robots. 

In particular, the invention relates to a method and 
apparatus' for scanning teeth and dental parts . 

I 

It is known, to measure an object by using a surface 
measurement' p±obe mounted on a coordinate positioning 
apparatus, for an example coordinate measuring 
machihes- The measurement data of the surface of the 
object thus determined provides a 3D map of the surface 
of the object* 

A first • known ■ method of scanning the surface of an 
object compiiaes mo-ving the surface measurement probe 
along a single direction, for exampla the k axi3, and 
following the .surface of the object along that axis 
with the probe. - this scan provides measurement data 
along a, single plane. To obtain measurement data in 
the. adjacent .plane the surface msasuremfent probe must 
be stopE>ed'9nd reversed to repeat the scan in the next 
plane ahd. in successive planes, giving a raster scan 
over the whole surface. This method has the 
disadvantage that it is slow due to the requirement to 
stop and reverse' the surface measurement probe at the 
end » of each, plane. ; 
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Another jnethod for scanning the surface of an object 
comprises moving the surface measurement probe around 
the surface of the object in the xy plane and repeating 
the step' for adjacent slices of the object translated 
in the ,z direction. This method is also slow and has 
the further disadvantage that if the top surface is 
horizontal it cannot be measured using the same scan 
profile', ■ 

\ 
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Our earlier International Patent Application No. 
WO03/P46412 discloses a method of scanning a aample in 
which the sample is positioned on a mount which is 
provided with a generally helical screw-thread so that 
the.mbunf and the sample rotate in a helical path, A 

a suitable point on the surface 
of the sample so that on rotation of the laount, a 
spi±al 'scan is produced of the sample', 

t 

This method' is limited due to its mechanical naturfe as 
it requ4.res a particular mechanical set-up and, for 
example, the. thread pitch cannot be adjusted. 

r 

I t 

The ^.resent invention provides a method for scanning- an 

object, with, a ''surface measurement probe comprising the 
steps, of : ' 

defining a first axis of the objects- 
defining a second axis, said second axis being at 
an gnglfe to the first axis/ 

rotating the. second axis for an at least part 
tevalution about the first axis and translating the 
sec9n^ axis in a direction parallel to the first axis; 
. ' moving the surface measurement probe along a scan 

inoverneat of the second axis such 
that the pr6be follows a spiral profile around the 
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obi act tot an at least part revolution . 

Th±5 method h^s' the advantage that the spirai profile 
provides a ednti'nuous and fast scan. 

The method also has the advantage that single scan 
profile, enable measurement of both the sides and top ot 
the^object. This i's particularly important for object:s 
such as teeth in v^hich information is required from 
both the 'top and sid^ surfaces- 

Furthermore i -this method may be carried out on any 
coordinate positioning apparatus as no mechanical parts 
are'- requirifed to form the spiral scan profile- 

As the spiral scan profile is not defined by mechanical 
parts, the profile dimensions oan easily be adjusted, 
such 'a^; pitch of spiral and angle of the second axis. 



The surface measurement probe may comprise a contact 
probe 'having a deflectable stylus. In this case the 
method may compjris^ a further step of moving the probe 
pai;allei to the second ascis to control probe 
deflection- 4 ' 

The 'method may comprise the step of maintaining the 
prdBe on the seopnd axis by movement of th^ probe 
perpendicular to sadd second axis. 

The su^:f ace ^measur^iment probe may comprise a non-- 
contact' probe, fpr. , example an optical, capacitance or 
inductance probe. ^ 

* 

Preferably the second axis intersects the surface of 
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the object to bs measured- 

Preferred embodiments of the invention will now be 

< 

described by way of example with reference to the 
accompanying dirawing-^^. whetein: 

^ Fig 1 is a perspective view of the object to be 
scanned; 

Fig 2 illustrates the spiral scan profile ; 
^Fig^3 illustrates the scan profile for a series of 
half ievalutions of the second axis; 

^ Fig 4 illustrates measurement of a surface having 
an undercut; and 

■ Fig S_ illustrates a plan view of the scan profile. 

I 

As illustrated in Fig i an object 10, to measured 
e.g, 3 toothy is' mounted 12 on a mount of the 
coordinate positioning apparatus. An axis of rotation 
14 Of the ofajecfc is specified by the user. This may 
for example^' be the s axis of the part coordinate system- 
of the object. The rotational axis 14 may be defined 
with respect to the mount 12 by the object 10 being 
mechanipaily aligned to this axis when mounted on the 
mou]jt. 'A second axis 16 is defined which is at an 
angle <p' to the rotation axis 14 and which intersects 
the '.surface of the object 10. The second axis 16 may 
be at any angle to the rotation axis 14 (but not 
parallel} and Fig 1 shows the second axis being at 45°. 
The 'second axis 1€- 'is rotated about the axis of 

I 

rotation 14 and is translated parallel to the axis of 
rotation 14 thus C2?eating a spiral profile. Fig 2 

spiral profile 18 created by this 
movement of, the second axis about the axis of rotation. 
As described in more detail below, a probe is moved 
along" the: spiral, profile created by the movement of the 
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second axi^ tQ the object along this spiral 

pxofilfe% ! Pig 3 illustrates the scan profile 20 .created 
wheii't:he second axis is rotated a part revolution about 
the axis of* rotation and translated parallel to the 
5 aKiis of rotation. This scan profile is suitable for 
use. with, a probe having a T stylus 22 as illustrated. 
K surf ace, measurement probe 24 is mounted on the 
coordinate positioAing apparatus for relative movement 
with respect to 'the mount 12. The probe 24 has a 
10 deflect able ^ stylus 26 with a' surf ace contacting tip 2B. 

The p±:obe' 24 follows the spiral profile created by 
iTLOvement of the second a^is 16 and thus scans the 
object, IQ by following a spiral profile. 

15 

Movement ot the probe is controlled by an algorithm 
having two components- The first compouent keeps the 
probe oti the second axis. This is accomplished by 
determining the position of the stylus tip of the 
20 probe, deterniining the nearest position on the second 
axi^ to the, stylus tip and moving the probe in a 
direction perpendicular to the $eoond axis back onto 
the second axis, 

25 The sr*cond isromponerit of the algorithm controls the 
probe deflection- In this case the probe is moved 
parallel to the second axis to provide the desired 

probe deflection • 
* 

30 Both of the algorithm components are calculated as 
position demands. 

In the present example, the second a^^is has an angle of 
45''- Thi$ is 'convenient for most applications because 

* 
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it will intersect with both the side and .top surfaces;. 
It enables both of these Surfaces to be scanned in a 
single scan I This is particularly important where 
inea^ur^iaent of the top surface is important^ for 
5 example . for 'teieth. 

% 

% 

An advantage of this method is that ths angle of the 

second axis may be varied. Fig 4 illustrates an object 

30 having an undercut 32. In the embodiment above the 

10 second ixis'was angled at 45° to the axis of rotation 

(showi? by dashed line 34). this allows measurement of 

an undercut, at an angle of 45' or below. An undercut 

having an angl^ of gr^at^r thpn 45** is not intersected 

« 

by i;he second axis angled at 45° and thus cannot be 
15 scanned' using this profile- However if the angle of 
the second axis is changed, for example to 90 to the 
axis of ^ rotation, this new second axis 36 now 
intersects 'the undercut which can- be scanned using the 
spiral profile. The angle of the second axis can be 
20 changed during the scan. Thus objects with sharp 

undercut^ ' can still be scanned in a single scan profile 
which has' the advantage of enabling a fast scan. This 
is particularly relevant for scanning objects such as 
teeth which have' undercuts- 

25 

i 

The angle of the second a^ls may be changed 

automatically usin^^ stylus deflection data to determine 

when to 'change the angle. For example, referring to fig 

4* the object 30 may be scanned upwards from at or hear 

30 the bottom of the object using a horizontal second axis 

36- When the 'stylus tip reaches the corner 38 of the 

undercut 32, the stylus will be deflected in -Z and the 

angle of the second axis will in response change 

automatically to 45°. . Alternatively, the angle of the 
t 
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second axis may be changed at a predetermined position 
in Z.-' ■ 

t 

t 

The algorithms used to control the position of the 
probe will now ise dsscrib^d ^^ith r^f^irenc© to Fig 5. 



In a first step the rotation angle demand for the next 
frame is calculated. (This can B^ci&&d 2n- ) 

10 e « QT ' 

wlie3?e ©-is the rotation angle of the second axis Q is 
the rotational yelo'city of the second axis and T equals 
time , 

15 In a ne:K:t step, the rotation matrix is created: 
Rofcatxonj= .1 sm(e) . aoa(e) 0 J 

0 01' 



Where ' "Rot atidn" is_ the rotation matrix. 

In a nejjit'ateE the sensor axis direction is calculated: 



Direction: = Rotation 



If] 



Where "Direetio3;iV is the sensor axis direction. 

25 The 'origin translation in 2 due to the thread pitch is 
th^n calculated-' 
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Where "Origin" is the origin trai^slatian in z and 

"Pitch" is the thread pit-ch. 

» • 

■ 

Next the scan position demand, is calculated. This is 
the 'nearest point on the second axis to the c-arrent 
machine position^ where "machine^" ia tha position of 
the centre of the stylus ball when there is no 
deflection- 
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SGaaPositionDemand;- [(Machine - Origin) . Direction] . 
Dir.ection ^ Or'igin . 

15 The probe deflectiiDn erroa^ is pa-lculated from; 

Deflection error := j Probe deflection | - Nominal 
deflection - • * 



20 Where "Probe deflection" is the actual probe deflection 

and '"Nominal deflection" is the desired probe 

* 

defleotioti. 
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The ^pjpobe deflection error is used to calculate the 
25 deflection control vector: 

Pr obePo^itionDemand: = Def Erroa: - Direction 



« t 



Where "DefError" is the probe deflection error and 

# 

30 "direction^* is the direction parallel to the second 
axis along which the probe is- moved. 
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The position demaad vector can thus be determined from 
the deflection cbntrol vector and the scan position 

♦ 

Positionl!>emands ScanPositionDemand + 
ProbePositionDemand 



The velocity deraand can thus be created: 
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Velocity Demand J =• ^o^^tiongai iaad- Machine 

St 



Al-tliough the above description describes the use of a 
contact .probe;- the method is also suitable using a non- 

E 

contact pirob^ e.^. an optical, capscitaftce or 
inductance probe. If a 1-D non-contact probe is used, 
the probe will need to be rotated to Iceep it directed 
at the 'surface of the object as the probe follo^rs the 
spiiral profile. However using this method^ the 
direction. in which the probe must face. is known* 
Offset of the non-cbntact probe may be adjusted by 
moving the probe parallel to the second axis in a 
similar 'manner to how probe deflection is adjusted for 
a contact 'probe. 
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